Synthesis,Storage,Release
and Functions of different
Neurotransmitters
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Learning objectives

Synthesis, storage ,release and
actions of

* Acetylcholine
Catecholamine
Serotonin
Histamine

GABA

Glycine & Glutamate
Nitrous oxide



Classification of neurotransmitters

* Depending upon chemical nature

CLASS EXAMPLE DERIVED FROM
Epinephring, Norepinephrine Tyrosine
Dopamine

AMINES Serotonin Tryptophan
Histamine Histidine
Glutamate

AMINO ACID AND AMINO ACID ASP?‘”*“E

DERIVATIVES Glycine
GABA Glutamate
Adenosine ATP

PURINES = ‘

GAS Nitric oxide Arginine

Miscellaneous Acetylcholine Choline




¢ © ¥

\

¢ Nl{c/c ~o e

Acetylcholine




Acetylcholine (Ach)

Acetylcholine was first neurotransmitter to be
discovered.

Isolated by German biologist named Otto Loewi.

It is @ neurotransmitter between axon and
striated muscles at neuromuscular junction.

Neurons that synthesize and release it are
termed cholinergic neurons.
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Synthesis and storage

e Synthesized in neuronal cytoplasm.

* For synthesis we require two things
1)Acetyl-CoA which comes from
pyruvate metabolism

2)(Choline is obtained from
1)Exogenous

food(folic acid ,B,,)
2)Endogenous

biosynthesis from Glycine or reuptaken after degradation.

storage

1)Incorporated in synaptic vesicles and stored therein.



Synthesis and storage

Acetylcholine Synthesis and Degradation

PDH complex
(FAD, lipoamide, TPP)
Pyruvate »Acetyl-CoA + choline

Choline acetyltransferase
(CAT)
(inhibited by mercurials) I Reuptak

- e or diet
Acetylcholine

Acetylcholinesterase

(AChE)

v
(membrane associated; inhibited
nerve agents, sarin) If’aetate

+ choline



Release ,Reuptake and degradation

1)Release is Ca*?2 dependent.
2)Degraded by specific enzyme
1) Acetyl cholinesterase present in synaptic
space.
2)Non specific esterases pseudocholine esterases
found in tissues and plasma.
Reuptake:
By specific choline transporters



Functions of acetylcholine

* Function in both peripheral and central nervous
system.

* |n peripheral nervous system it contracts skeletal
muscles.

* In CNS it plays role in
signal of muscle movement, sensation of pain,

learning& memory formation, regulation of
endocrine system,

rapid eye movement sleep cycle.



Acetylcholine

Cholinergic Pathways in the Brain

Cholinergic nerve cell bodies and projections contain ACh.

Fomix {to hippocamgpal formation)

angd nucheus of Cencbellum
iagonal bane Hippocampis
{under the Pedunculopontine
surfnce) nuclews and laterodorsal
teggmsental nuclews

Nuclous basalis
Muoclial septal nuchoss

SIOLOGICAL PSYCHOLOGY e, Figwee 4.3
001 St Auaciams v

The  degeneration of
particular cholinergic

pathways is a hallmark of
Alzheimer disease.
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Catecholamines

emmasaying.com



Synthesis of catecholamines

Synthetic Pathway for Dopamine, Norepinephrine and

Epinephrine
tyrosine hydroxylase DOPA decarboxylase”
Tyrosine DOPA e  Dopamine
(tetrahydrobiopterin) (pyridoxyl phosphate)

phenviethanolamine-

dopamine beta-hydroxylase N-methyltransferase
Dopamine * Norepinephrine * kpinephrine
(ascorbate) (S-adenosylmethionine)

“aromatie L-amino acid Llf:i:;irhn'-.}'luf-.i:
cofactors in parenthesis ()




STORAGE AND RELEASE

* STORED IN CHROMAFFIN GRANULES OF
ADRENAL GLAND.

 RELEASE IS Ca dependent.



Monoamines

 Dopamine (DA):
— DA is the precursor norepinephrine and it is the
Predomifient catecholamine in the CNS.

— DA play a role in motivation and reward (most drugs of

abuse increase DA signaling), motor control, and the
release of various hormones.
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Dopamine Receptor

Dopamine | Function
Receptor

D1

D2

D3

D4

D5

Regulates neuronal growth & development, voluntary
movement, feeding behavior, affect, reward, sleep, attention,
iImpulse control memory, renal receptors help control renin
secretion

Memory, regulation of locomotion, regulation of renal function,
blood pressure, vasodilation, GI motility

Cognitive, emotional, and endocrine functions, regulation of
locomotor effects

Regulation of renal function, blood pressure, vasodilation, Gl
motility

Neuroendocrine functions



* . DA-containing pathways and receptors have
been implicated in the pathophysiology of
schizophrenia and Parkinson disease and in the side
effects seen following pharmacotherapy of these
disorder.

e Causes may be:

e the drop in the amount of dopamine made by the
body

* or a problem with receptors in the brain,
 or damage to the nerves in the brain.



* Norepinephrine (NE):

— Large amounts of NE present within the hypothalamus and
in certain zones of the limbic system (e.g., the central

nucleus of the amygdala, the dentate gyrus of the
hippocampus).

— NE also is present in lower amounts in most brain regions.

— NE is an endogenous neurotransmitter for the a and B
adrenergic receptor subtypes that are present in the CNS.
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Central Neurotransmitters - Monoamines

e Epinephrine (EPI):

— NE is converted into EPl by enzyme phenylethanolamine-
N-methyltransferase.

— EPl-containing neurons are found in the medullary
reticular formation and diencephalic nuclei.
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Receptors of Norepinephrine &
Epinephrine

Receptor | Major Effector Tissues Major Functions
Alpha, SM, sphincters Contraction (constriction),
Alpha, Nerve endings /| Transmitter release
Beta, Cardiac muscle, MHeart rate and force,
Kidney M Renin secretion
Beta, SM including bronchi Relax SM
Liver T Gluconeogenesis, glycogenolysis
Skeletal muscle T Glycogenolysis and K+ uptake
Beta, Adipose T Lipolysis
DA, SM especially renal, Relax renal vascular SM (higher

mesenteric and cardiac

doses activates 31 and al
receptors)




Functions of catecholamine

Inhibitory and excitatory effects on peripheral
nervous system.

Excitatory effect exerted upon
Smooth muscles of vessels

Heart ,which lead to an increase in heart rate and
force of contraction.

Inhibitory effects exerted upon

Smooth muscle cells in the wall of gut, bronchial
tree of lungs and vessels that supply blood to
skeletal muscle.



Functions of catecholamines

***Nor epinephrine and epinephrine influence
the rate of metabolism by modulating

* Endocrine function such as
1) insulin secretion and

2) by increasing the rate of glycogenolysis and
fatty acid mobilization.



Degradation of

catecholamines
* Reuptake by high affinity
mechanism.

 Deaminated by monoamin
oxidase to
dihydroxymandelic acid

* Released as such oris
methylated by catechol-o-
methyltransferase to form
3-methoxy-4-
hydroxymandelic acid within
the nerve terminal and then
excreted.




SEROTONIN
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serotonin

Synthesis occur within
neural tissue(serotonergic
neurons) and in
elementary epithelium.

Found in

Entero chromaffin cells of
GIT(90%).

Platelets and CNS
Stored in

vesicles in axon terminals.

| CH,CHCOO™
N e

H
Tryptophan

Tetrahydro- O,
biopterin

Dihydro- Hydroxylase

biopterin
+ H2O v

2 T CHzGHC0O"
N e

H
5-Hydroxy-
tryptophan

Aromatic amino
acid decarboxylase
]@@' CH,-CHoNH,

Serotonin




Reuptake and degradation

 Taken up by Na*
dependent high affinity
process

i
HO
’ Serotonin (5-HT)
HN NH,
= O HO
Monoamine oxidase (MAQ),
Aldehyde dehydrogenase
NHy K0,

Dégradation

vV

HO
OH
% S-Hydroxyindoleacetic acid (5-HIAA)
HN 0

\ Tryptophan

\l |
( s ) Tryptophan
‘ Synthesil hydroxylase §
|
4
f 7 serotonin
Packaging
v/7
4 y
/,7 Monoamine
o oxidase
Feedback { e l¥
_and plasticity 1/ Release l ‘ Racrdia .

Presynaptlc serotonin @ Serotonin

receptors (e.g., type 1A)

! Postsynaptic serotonin receptors
. (e.g., type 2A)

L l

Signal transduction |
and plasticity




Functions of serotonin

Tryptophan
” A £,
“**TPH1 TPH2 *ee,, NS
5 * Serotonin Serotonin
- oy o .‘. 0. -
%, |
Peripheral effects: Central effects:
* vascular tone * depression
* hemostasis * sleep
« cell regeneration * aggression
* heart functions + food intake
* organ development + psychosis
« intestinal motility * anxiety

* immuno-modulation -« others
» others



H, N H

= Histamine




*Biogenic amine
* Synthesized from
*Histidine
Found in
1) hypothalamus,
2)High amount in lung,skin and GIT.
3)High conc in mast cells or basophils

Hﬂfﬁ“\‘ﬂ o Histidine decarboxylase Hﬂf“\““ﬂ o
=Lt L
H K H H
Cr C o
Histidine %2 Histamine



Mechanism of action of histamine

H, Receptors

v

™ Ca2+

¢

Smooth muscle contraction
Increased capillary
permeability

Vasodilation

Sensory nerve endings pain
& tching

H, Riceptors

T cAMP

T Gastric acid secretion
Blood vessels:
vasodilation

Increased capillary
permeability

H; Receptors
(presynaptic auto
receptors)

4 CAMP

|

J histamine release
Jsecretion
Vasodilation




STORAGE

Storage of histamine

® Mast cells

® Basophils

® Histaminocytes (stomach)
® Histaminergic neurons

¥ Stored in secretory granules
Y high in skin, bronchial mucosa
and intestinal mucosa




HOW IS HISTAMINE RELEASED

Release of histamine

® Immunologic release

Mast cell ()’

Exposure of an antigen to a previously sensitized (exposed) subject can
immediately trigger allergic reactions. If sensitized by IgE antibodies
attached to their surface membranes will degranulate when exposed to

the appropriate antigen and release histamine, ATP and other
mediators

® Chemical & mechanical release due to mast cell injury



FUNCTIONS OF HISTAMINE

Swelling and Adrenaline Bronchoconstriction
Inflammgation Release % _ (as in asthma

or allergies)

- k.

* Activated = 1
H ISta Imi ne Dilation of

Stimulation of
Gastric Acid
Secretion __

) &

-
=5

Frequent
Heartbeat

Blood Clotting Vessels and Capillaries
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gamma-Aminobutyric acid

O
OH

H,N

C.H.NO,




Gamma amino butyric acid

* GABA is the main inhibitory neurotransmitter
in the CNS.

e Synthesized in the brain from Glutamate
decarboxylase(GAD) in many nerve endings of
the brain and B-cells of pancreas.GAD acts as
catalyst that remove carboxyl group from
glutamate.

unc-25

HOOC
| \/\/NHz

COOH E;""l"'l""‘°'l J v-Aminobutyric Acid
Glutamate bt e (GABA)

HOOC NH,




STORAGE AND RELEASE

STORAGE

Newly synthesized GABA is stored in synaptic
vesicle by means of vesicular transporter.

These are stored at postsynaptic terminal untill
action potential release.

RELEASE

Stored GABA releases into synaptic cleft
stimulated by depolarisation of presynaptic
neurons.

GABA diffuses across the cleft to target receptors
on postsynaptic surface.

The action of GABA is terminated by reuptake of
GABA by presynaptic nerve terminals & glial cells



Receptors and actions
GABA, receptor

Two types of receptors 8 |
GABA-A receptors GABA ’ ‘.
Pentameric structure

Functions as ClI- channel

Increase conductance of /{7 {5~0ood
Cl- from outside causing ”““ | Lttt
hyper polarization and 8000 es 000808

decrease nerve
excitability.



GABA-B receptors

Hetero dimer cABA T\)

b1&b2 subunits (/\J Seba)
B1 subunit has GABA m mjm 00 00
binding site P pOsoX
| T

Bz Iln ked Wlth G_prOteI n ﬁf;:z:z:gn;(:zz:is} Interacting 1 , ; landh;tr)gil(;llnc?/i:lase

Transcription factors | Proteins - 039" :Z%f
Decrease Ca2+ “Ziiiigg ””””” Actin microfilament

. ..

conductance o, -
Increase k* conductance.
GABA-B receptors lack ﬂ m
diazepam & barbiturate

GABAg;, GABAg, GABAg;, GABA,

binding sites.



Functions of GABA

Relieves anxiety.
Relieve pain.

Regulate release of growth hormone & sex
normones.

Prevent formation of fat.

Treating attention deficit hyperactivity syndrome
Stabilize blood pressure

Decrease blood sugar level in diabetes



' ‘p 3 Gaba Deficiency Symptoms

1. Anxiety and Depression
12, General Uneasy Feeling
3. Can't Sit Still For Long
' " Periods of Time

.






GLYCINE

Glycine is a semi-essential amino acid.

Major inhibitory neurotransmitter in the
spinal cord.

Glycinergic receptors are abundant in spinal
cord and brain stem.

Also in higher brain regions including the
hippocampus.



Synthesis , storage & release

Pmy"mptic
* Synthesized from serine. e
By serine hydroxy
" Glucose
methyltransferase. |
. g + H
e Stored in secretary et
. COOH
vesicles.

* Released by Ca?*
dependent exocytosis.




Receptors

Cl

* Increase Cl" influx - -9
* Hyperpolarize ""“\i‘,fi 1
postsynaptic \ 'J N\

membrane. | : .

gephyrin




FUNCTIONS OF GLYCINE

* Glycine is precursor for a variety of important
metabolites such as glutathione, porphyrins,
purines, haem, and creatine.

* Glycine acts as neurotransmitter in central
nervous system and it has many roles such as
1)antioxidant

2) anti-inflammatory,
3)cryoprotective

4)immunomodaulatory in peripheral and nervous
tissues.



WHAT S GLUTAMATE?

An Examlnation of the Fusctions, Pashways ind Excitation of the Glutamate Neurotransmittar




Synthesis , Storage & release

Synthesis

Glutamine comes to CNS NERON |

through glial cells and e
kreb’s cycle o) i
Converted to glutamate G- o oo
by glutaminase enzyme. =~ o
Stored in vesicles G

Released by Ca?* C i

dependent exocytosis. o



Glutamate receptors & functions

Located on membranes of

neuronal cells.

Both iono tropic & meta
botropic.

Glutamate is most
abundant & prominent

excitatory neurotransmitter

in the nervous system.
Precursor for GABA,
inhibitory
neurotransmitter.

Na* CaZ+ O

O
Glu ‘ A Glu‘ A
Gly
/I \\
\ ]
\/ \/
O« O«
Group | Group Il Group llI
mGlu1 mGlu2 mGlu4
mGlu5 mGlu3 mGlu6
mGlu7
mGlu8

o @

4 1P3, DAG v cAMP




Functions of Glutamate

e Excitatory neurotransmitter in CNS, stored in
neuronal cells.

Responsible for
* communication,
* memory formation and
* |learning.
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nitric oxide




Nitric oxide

* Simple ,unique, gaseous signaling molecule
with free radicals properties

* Readily diffuses across the cell membrane
* Act as interacellular signaling molecule



Synthesis

Synthesized from L-
Arginine and molecular
oxygen by enzyme nitric g
oxide synthase within
synapse and used
immediately.

Three isoforms
Endothelium(eNOS)
Neurons(nNOS)
Inducible(iNOS)




Storage

* Nitric oxide does not usually exist in its free
form in the body due to its unstable nature

but reacts with other molecules to form more
stable products.

* |n the blood, nitric oxide has a very short half-
life and rapidly oxidises to nitrite.



Release

* Adiet high in nitrate-rich vegetables and
antioxidants or the use of supplements, such
as L-arginine or L-citrulline, are beneficial ways
to boost your body's natural production
of nitric oxide.

e Other proven strategies include limiting
mouthwash and exercising regularly.



Mechanism of action

NO diffuses out of the

Conventional Gaseous :

1 1  neurotransmitter neurotransmitter §

ce | I S Md kl N g It ) tO p O St | stored in vesicles synthesized on §
; demand  §

synaptic neurons.

Inhibitor Drugs

It does not bind to surface sf—— ——

Neurotransmitter

.
"

"y

ey

""'}
",
"
N
'
0
"
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rnceptor with G-protein

receptors, butinstead | | TR
. . . ATP
binds with intracellular M:::;,v;"g;;:,,( o

cyclic

)

guanyl cyclase and “"" ( " )“é‘:::‘;’.:f’
activate cGMP Protein KlnaseA cé;l:f Ll
. New Gene Expression
p o d U Ct 10N. LTP,LTD Protein Kinase G
. New Gene Expression
This starts a cycle of nerve TP LTD

action potential.



Functions of nitric oxide

Immunomodulation

Sntibactarial

Antifurngal
Cell growth Sntiviral
modulation 5

Mitric Oxide

l LY protection

Vasodilation

YWworund haalnm 3



Functions
* Believed to play a role in long
term memory.

e |ts action in CNS is associated
with pain perception in spinal
cord.

* NO stimulates the secretion of
many endocrine glands,e.g,

1)Gonadotropic releasing
hormones

2)Release of pancreatic
amylase

3)Release of adrenaline.

Nitric Oxide

Nitric Oxide
Synthase ’ ‘

\/ So;ble\

{ guanylate |
\cyclasv

phosphodiesterases

-

Myosin phosphatase VASP Transcription factors

| } |

Smooth muscle Platelet Changes in
relaxation inhibition gene expression






Which one of the following neurotransmitters would
you expect to find in the synapse during fast inhibitory
synaptic transmission?

a. Acetylcholine
b. Dopamine
c. Glutamate
d. GABA

e. Noradrenalin
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b. Dopamine
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d. GABA

e. Noradrenalin



* The collective name for dopamine,
serotonin and noradrenalin is:

a. Amines

b. Anxiolytics

c. Hallucinogens

d. Neurotransmitters
e. Nuerotoxics
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